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h - -^^T^H I S 5 mfeT<?>:^Sg£^iJ liGenBank:X173 10 ic ^ tlT ^ „ 
[ 0 0 2 4 ] 

ADE 1 DNAltfn-tli. fi5SC^i^^flartT'Sife#_hc?^ADE 1 at fe^ ^ ffl la] S5 ffi^ ;c ^ S 
3 -t C i: ^tllCcfcoTADE 1 at-feT^&i^T' S-SDNA^tj^LTV^^o 

U R A 3 D N ABfn- ^ li . 'a±mmU^X''^^W hen \J K A 3 iifeT ^ ffl |b] 8 ffl ^ 
^;)!?*T'#. ^tllC=l;oTURA3at-fe^^fifeJ^T'S'5DNA^^LTV^-2>„ 

HISS DN Airn-i: it. fessc^i^^fls 1^ _h<?^ H I s b m€:T tmmm m.mz.^m 

[ 0 0 2 5 ] 

ti' D N A K^iJ Tff^H$Ejl Lr-ij<7)X'^^. 
[ 0 0 2 6 ] 

IB] fiat ft ^ i: ti . ^S±^#<?^Sife#±tc LTv^^atft^XtJ ^ <7) — §|S<?> D N A^.«t5fc 

A ^ -W. i" S c 
[ 0 0 2 7 ] 

-^-DNAifi^iJ. ^m^gfi^ ii-t-Silft^^:^- H-t-g. DN A. ^ ^'Kf^^ ^i^Si" ^ 
[ 0 0 2 8 ] 

[ 0 0 2 9 ] 

t itm.mmt£ ^mn^miK^^MM^x^^. 

[ 0 0 3 0 ] 

PHAiia. 'I \^ \^ u ^ T >i ^ J — h ^ K^X ^ ^ . 3 — tKn^>-T'^u^>^<?^i^ 
M^Lfz. ^ ^ ^'14 # :3i X -7^ ;u ^ ^ -t „ 

phaCa. 3-tHn^^T^u^> ^c?>^S-& L 'J :^ X ^ ^ ^B^-t ^ . 

D hb B tit. T-bhT-b^^uC oA^ffl7nLT3-i^ ]^ u ^ ^ ^ <) >i - C oA^-o-fiK 
-t-g.. T ^ h T Ji C o AMjtmMMiK^'k^'t o 
[ 0 0 3 1 ] 

i>{Tlc. ADEl. URA3. HIS 5 at ft^ fi^i^t*<^ftM^-a . g^fifeltt*tc J: ^ # :x 
X -7^ ; u M at ^ ^ m # 93 ic B^l i- ^ „ 

( 1 ) U R A 3 at€TEfeJ«tt. U R A 3 • A D E 1 at fST fi^J^t* <^ (1^ M 



Lv^CNickoloff J.A.fi Methods in Molecular 

Biology. 47:291-302 (1995). Humana Press In 
c..Totowa.NJ))o mmmm.mx.<7^f^X*^ . S.^Mil^L >&v^fifej^t*Jb*?X#T 

[ 0 0 3 2 1 

^^;^!-t■^> u R A 3 D N A^n-a. m-m. 3ife^i^gi5<?^gis5>D n a^i%£ l . n^timm^^ 

1^ i -t -5. g|5 5> D N A It . J; U R A 3 ® iST § 'Sr < ^ ^gl^^T 

^fc . g.^fi!l^tc J: ^) U R A 3 @^*>l&'l4**[Hlfi L 'Srv^:^^ c7) D N AT-*>-& o 3 J: 7 

=5r g|S ^> D N A <^ M :^ ti iff tcl^I ^ ^ tl V ^ ;b^\ ^ S L < it 5 0 MS i-M _h . J; ^ * L < It 1 
0 0 MS 1^:^ J: T' ^ o f^i ^ tl D N A <^ gPfi IC u 4' ^ ^1 ^ <7> D N A A ^ n 

[ 0 0 3 3 1 

zfihDN Am^^^i'^M't ^rzdblzit. mx.lt. P C RvS ( # 'i > ^ --tfilMixltvvS ) ^ 

URA3 Am^(Dn^<^nn']^^i^^\t. 1 OMSi-^l_h^fct^^^J; < . L < a 2 0 

OMSl^il±. J; ^^F^L < li 3 0 0 Um];X}LX^^ . 

* ti^'n<^1flla]'l4li. ^ ^ L < li 9 0 %1U±. J;'9^^L<li9 5 %iU±T'3e. 

[ 0 0 3 4 1 

URA33l€l^l±. ^i-^-T^-f r ' ^ )i V 2 m\^Xl-WU-f ^ Z h 

[ 0 0 3 5 1 

'^^X. U R A 3 D N Altfn-<7)l^* L ^ciafeTSP^lc. A D E 1 ^c^^aliR-^ - ^ - i: 
[ 0 0 3 6 1 

^ic. Mt^^- ^-alfe^ <7)jag)^tc . h i s Cmik^m)^ ( -4- ^i. t ^-^ ^ ® ATP phosphorib 
osyl transierasem^T^if Z c;>afeT8lf A"^ a-t^ 7' ^ 7s ^ H pNKYl 0 0 ni A T C C J; 
•)A^^5]-^^(ATCC : 8 7 6 2 4) ) ^ ^ ii^' iiW K-f ^ z h X . atfeTE^i^^tf o Tz 

mz. ^=f-nmmm.mx.\z X ^ m tz-^ - - Mikj-^k^i:^ m\zx % -s ( a i a n i 

^ Genetics. 116:541-545 (1987))oC<?>c);7 IcMlK^- ^ 

-miki-<^mi:\zm\-^^m^n=f-mf^\zn\zmm\tti: < . si^^- ^-<^± • rmzvMo^tj: 

3 h ^"^mx^ 0. :*:^H/llcfcv^Ttt. v-^-hLTfflu^ADElmfe^c?55 
§^^^<?>a€T»fn-^ A D E 1 iifST 3 • <^*)^njtc,fS^-t S z i: T'. 1*1 ffl [a] ffl ;i ic J= 
Y) - ti -mfk^t)^n^xmM^\z^.i:^mhi3: Tz. - ti - <^ x.\zm 

^^^^m^=tm)^\zm\zumt-^j: < . ■^-:^-miki^i}^mwmizmmLtc\,^miki^m>^^m 



[ 0 0 3 7 ] 

:^liSBHTtt. 3 ftM<?> U R A 3 fifel^ffl D N A^fflv^ /-Co 

U R A 3 DN a - l it. *3 2 2 0bp<?>URA3 mM'k^ - H -t -S D N Aif>t^l^ 

* L . 5 ' 3 5 0 b p D N A t 3 ' tiJI'3 4 6 0 b p <^ D N A»f A-^il^n L D N 
AT^^-SCaOo r^S Lr^g^^tJU R A 3 S$*MaH<?>*'3 3 0 %tc*>/--^„ ^ fz . 5' 
iij&i;f3 '{liJ<?>DNA^A-i:7U<?>URA3jlfe^i:c7)7|f[g]'|4liMDNAi:^l 0 0%T**. 

[ 0 0 3 8 ] 

U R A 3 ffi^i^ffl DNA-2tt. URA3 mmm D N A - 1 com^ ^ tifzU R A S DNA^ 
n-<?>n^ <0 IZ. ^^^'T^^^'^Jlh- -4- i*A D E 1 atfe^^Jf A L fz ( 121 1 ) » 
UR A 3 fig^J^fflDN A - 3 It. 5>Tl^ffl[B]fflJ^^^Sec L T ^ > ^ J|<'t4 ^ 0 M 5 -tt -2. ^ 
coSe^iJ tLX. ADE 1 mi^^<^ 5 ' 5fc i^nj g|i 5> 6 3 0bp^fflv^^3i:i:L. ADEl 

[ 0 0 3 9 ] 

:^%BHicmv^ § D N AUfn-ii. ^'-^ ^ 9 - ±izmm-t ^ z t t^xB . 

:^^BHtCiD v^T a p U C -N X ^fflv^Tff o /io pUC-Nxtt. pUC19 ( S a m b 
rook^Si. Molecular cloningiA Laboratory Ma 
nual. Second Edition 1. 13xCold Spring Har 
bor Laboratory Press (1989) )<^EcoRIi:HindI I 

I <7y^ A H <?>P^c7)D N A^. K^US-^ 1 lclfiiX<?> D N A L . U\mm^^ -i h ^SfM 

pUCl 19-URA3 (Ohkuma M. Curr. Genet. . 23 : 20 

5-2 1 0 (1 9 93) ) Jc9. PCR^fflv^TURA3atfe^<?>5 'iiji:3 "iiJ^gy^ 
ic it i|)S L . p U C - N X ic mKmi^ URA3fi^J«;!!DNA - 1 ^^t^-^^ 9 -^ffm. 

/Xtc. iBj'^i' 5'-4itc. PCR-atcJc'9iiitiiLfzADElatfe^^J¥AL. 3<?>J:7lcL 
TURA 3 fifei^fflDN A - 2 ^#t^-< ^ - ^ fl^fiS; L /co 

Mlc. z<7)'<:^57_45c;^ADEl3lfe^3 '*^lc. PCRlcJ;»)lti|iiLfcADE15 * 

* §5 5> @e ^IJ ^'3 6 3 0 b p 3 i: tc Jc . ^ - ^ - j1 fe^ P^* i?*^]- ft^)^ U R A 3 
^J^fflDNA - 3 ^#t?-« ^ 5^ - fi^ $ n o 

[ 0 0 4 0 ] 

fifeJ^ffl D N A^^t?-^ ^ ^'-ttii^^^^ffi. #Jx.^^JM10 9^DH5a^C^AL. M 
^IMK^igft L . ^ ti J; ») J^fL-fe^ ^ AMii'll^vS tc J; ») 7' ^ 7. 5 K ^^MIi»l-t 

-5(Sambrook#^)B.Molecular cloningiA Laborat 
ory Manual. Second Edition 1.42— 1.47. Cold 
Spring Harbor Laboratory Press (1989)).. S 
tz. T >v ii ^] vi#^fflv^T t 5m-e*>^ (Brinbioim H. C..^ Nucl 
eic Acids Res. 7: 1513-1523 (1979))ortiix<?:> 7° 

h ^ #lft!l Lfc'^^' ^ URA3 ^tgii ^ # ffi [s] * ^ gp^^ ^ j® ^ §0 

^) L . ^tl^B&j^fflDN A t LTfiJffl-t-S<^;b^-mt Lv^„ PCRS^fflv^Tit 
itii-r S C i: ^jHJftg-eS> ^ o i^^WiXXt. ftiJI^I^* S p h I ;^C/S w a I T't?]|/f L . D N A 
»f n- ^ 11 M -t -5. 3^=5r<®#l*llciiA-t-5.ChlcJ; ^ . ffl[l|Slfflm;clcJ;oTURA3M 

i5 T ^ fi^ "t -5. - § 
[ 0 0 4 1 ] 

^ ^ ^ 9- ' -? >vv - ^ (Tyr^'KM.WikXzxt . 7' n K 7" ^ x . Rie 'J ^ 't? a ( T a 
kagi M.#. J Bacteriol. 167:551-5 (1986)). mm 
^^°^^xv^(Kasuske A.# Yeast 8:691-697 (1992)) 

gs^b^'fiJfflTS-So *f&BHT'li. BTXa (San Di ego. CA USA) M<?)EL 



ECTRO CELL MANIPULATOR 6 0 0 ^ fz . ^ ^ v h It B I O 
MEDICAL CORPORATION CO. LTD (Tokyo Japan) 
6li<^BM6200 (2mm gap blue cap)^fflv^f-„ 

AC 1 6 J; "9 n > t° h mm^mm l . u r a 3 mmm d n a- 2 tmzm^^^^i x 

-F^-y^^^^^\-^t^m-Z'i^^L . ttiJai--!. :3 n z^- i ►) g ©<7^U R A 3 M^TIC A 
[ 0 0 4 2 ] 

@ mme^i^mmw^ x ^ ^^li. m^nrz^ u . p c rvS-^^ ; ^ -y ^ 

+f>^N-f7'";y-f-lf-i^3>>i (Sambrook#S. Mol ecul ar c 1 on 
ingiA Laboratory Manual. Second Edition 9 

. 31 — 9.57xCold Spring Harbor Laboratory P 
ress C 1 9 S 9 ) ) iz J: ^ ^Blzn ^ Z t h^X' B ^ o PCR^T-a. URA3al1ST 

comm'ky' ^ ^ -^-izm^-^^ t . T - X r ^uMM^illtciD v^T . m-^UXliJEmtc^ 

tl ^ „ ^ISBHT'tt . 1^ 1 k b p i: 2 k b p <7> D N A K h^-^^iti ^tifz. L f)- L . itfST 

5fei^^<?>*fe#D N A t cogm^ffi^iA^iOJt^. m^^ij^Bmi:ii^<Dmm. mx.itmm 

tt<J0i^v^*^<?)§|S5>tcJ¥ nTftltt^.'m^i-'^ S T'*> ^ . ^c;^Jt^. PCRviTiifil 

lf.T § 4- Jt ^ -5 o C (7) Jt ^ . 5 -y ^7 -4- -»f~ > >N 7^ 'j r - >• 3 > ^ . ffi^J^ 

^fiztiz^"). mm-f ^ z <h * -5 o 

[ 0 0 4 3 ] 

u R A 3 3i-fe^i±. ^^>^^5^-v^i.K -^-^^i^iz 2 miii±.^i±^ ^ z t h^^m^n 
tz. ni^. \}KAzm.mmY)n A- 2^w^nm^^xuhiarzn\t. ^ ^ >i^m-\^^^- 

v^o 2mU(^VRASmir.^^mm-t^rzdh\zit. JfAL/cADE 1 mfeT^fi^J^ L 
^c. ij^ - mi mU(^VRA3miKj-^mm\^rz^'tt:'km\-^^i}^. «>SVMi. URA36fe 
i^ffl D N A - 1 WX-mW^i^^. ^ ') i-^ y ^^\,^lt^ ^ >- 'I t b - F O A (5-F 1 uo 
r o-Or o t i c-Ac i d) (^^WTX^^ L X < ^ ^ --^'MH-t ^ z t XMf^ 

R A 3 fifei^ffl D N A- 1 ^MMiiA L . t ^ - >^ ^ ts ^'J^^i^itlzm^ L . iH.M't^m^ 
zj u --^MH-f ^ z tx . -F^~-> W5)<'l4t*;baxff ADElDNA»fn-^/I1v^ 
^ Z t^XB ^ (iff^2 0 0 2-2 0 9 5 7 4-^£^i5) o 
[ 0 0 4 4 ] 

z(Dm. ^ - -> ^^m^a^izn ^ rzit)<7)mmxn^m^^ ^ z t ^ Li^. mx.it 

. -i- ^9 =^>mm (Snow R. Nature 211:206-207 (1966 

) ) t^itn^^fo'A^mm't ^ z t io^xB ^ o ^mit. m-^t^^ ^ > y^^miz ^ *) 
n^mmn^^m&^izmn-t ^fzdbizm^^ nrz^'Ax^h^t^. me.j-mm^^\z ijfzmx 

. mmm^^m^j^^iiitxi^^^. mmm^^M^j^^i^mxmmmn^-t ^ . z<7)i^^mizm. 

m-^ -1^9 ^>^v^^D L. 3 0 'CX 1 Bf WMmizti^-t ^ z t\z^ ^ . 
^iz^mxB z^mm^. -r "T-y^^i^-t - h izmWL . 3 

o°cx 2 Bmnmi^^-f ^ t . m^zi u --ij^^n^. 

[ 0 0 4 5 ] 

m'^rLtzT ^-y m^'\±nit. p c r'a\z ^ mm-t ^mt'i^^^^ ^ uRA3itfe^<^M 
D N A K ib*Mdti ^ ti^ A D E 1 mmux it x^^^^ fzi-f K t i^m ^ tl-S 

o 

[ 0 0 4 6 ] 

YKiz. Z^V R A 2 miKj-t}^ I mmm^ ii. t > ^j|<'|4^ 0 M L /ct* M L T . ±ie 
<?>^vi^S M-t C i:-T-2fi@<?5URA3 iife^ Jb^fifeJt ^ tl. ^ ^ 'i m^'i^ h tii ^ tz^^ 



^mm-t ^ z t i^^X'B ^^^nz/A d e i me^^^mm-t ^ z tx- 2 s^^ftwsttt* 

^m'i^-f ^ Z t h^X B ^ . ^¥^m\zii\,^X It . 2 M a <^ U R A 3 3t fKT<^Efei«lcii . ^ 

D N A- 3 ^fflv^;--„ 3 (^^^j^^Jt-feT^ . *l*lc«M4i A L . ^ ') y ^ i> \,-^ It 'y ^ ^> 
'I ^ # ti^ 31 ±g IC Tr^nz^ — %ff^R^$i±^. Itibtlfcr^nz^-^^ 'j>''>^^^^^i.^ 

<?>Sife#3tfeT^ PCRv£Vlc=l;'9^^L. iEm=5r U R A 3 ffi ^i^ -S 31 T ib* itii -tf 
. AitfeT^ a-t^ ^ X^03tfSTs ^Df. a-ty-^ X<^3tfe^c;>;?.^iiitigi-^t* 

^mn-f^o 3<^S|5&TU R A 3 fifei^+*jb*^;^-t-5 „ 
[ 0 0 4 7 ] 

iXtC. Jf A L A D E 1 o Cc;>^ffii:LT. ^^l*lffi|B]fflm;clcJ:»)A 

DE 1 3tf5T^ S.^A^ Lf-tf ^ X 5^ ^ > >il % fiS ffl i" ^ zt\z^*). ^f^lcft 

ciilCckO. A D E 1 31feT^^t?t*^ft5tfi5^c^^ST'# z c^mm^ t ^ - > ^ 

i- -S M ^ ^ ^ it 7° u - h tcM}* L . 3 0 °C T 2 B PHl^Si^ft-t i: . u --ij^^ 

[ 0 0 4 8 ] 

ti/lT^::^>^j|t'|±t*a. P C R>£#lc J; ^ 6Slf>i--5>*)!?*ili*^o URA33tfe^<?^ 
7-^-f-7-ic;f!v^^i:. TT^u-T. ^-;i.mM*S^lciD v^T . Tut^Ttt . A D E 1 m 
fe^ ^ A D E 1 m)^me.^<^W X^inr-±% ^ <^ D N A ^^'> K i: A^^Jf o U R A 3 atfe 
^ <^A$ 5 D N A**1^ili ^ ti^ ADE 1 fifeJ^t^T-a. A^^Jf o U R A 3 atfe^ 
Ag^^DNAi: A^^lf o U RA331feT^A§$<7>DNAlcADE 1 mfc^Dfn-<^A 
# ^ ^^nx ^ X<7> D N A K t t^^^ ^n^„ C<7>I^I^TADE i;^l/URA33l 
^ ^ fife fF fi^^ ^ tl -5 o 

[ 0 0 4 9 ] 

( 2 ) HISS 3iftTfiSi«t*. HISS • A D E 1 fifei^t*^ ftM^^S 

HISS fifeig^«. HISS-ADEl 3tfe^flfel^^«tc o T ^ . ±1^ ( 

1 ) \z%^m<^^'{k^m^^x AC i 6 ^h'f -t 3 i: * ^ » 

fflv^-SHISSjafSTti. DUC119-HISS (Hikij \ . Curr. Ge 
net. . 1 6 : 26 1-266 (1 989) ) J:^)iiMi--5)3i:**m*So l|]*>. AD 
E 1 miR^<^ 3 • fijtc ADE 1 atfe^ S ' MM }^'^mWt\^ tzMe.^ <7ynm\z . H I S S at 
€-.J-<^ S ' MD N Aifn- 3 ' fijco D N AiT>t^jilS L H I S 5 minJ-mmm D N A# 
^fflv^^ 3 i: ij'Tt ^ (mi) o :*:^B^icfcv^Tli. H I S bm^k^f-^ S ' mJkU 2> ' M 
<^m S 0 0 b p D N A»f A-^ffl v^/c**. iff ic m'& ^i\^ij<DX\tts:\^o 
[ 0 0 S 0 ] 

±ie3i€;T^ A C 1 6 tflcmMaiA L . t# ti -r ^ > # W jj< '14 J: ^ H I S S jffei^ 

mnm.m^\z ^ ^ T^-y^^'W.^mui.rz^%^mmzuu-t=b z h tj^xB ^. hiss 

miK^t]-'mWW1±-t ^Molzit . ^Xn^km") ML 1 z tx . T^-y. t x ^ > 2 
[ 0 0 S 1 ] 

( 3 ) U R A 3 -HIS S a^Tfifeitt*. URA3 - HISS - ADEl 31 T fife 

(1) XU^tifzXJK Ad> - ADEl fifei^t*^ TUlC LT . ( 2 ) Ifi 1^ ^ T' . U R A 
3 • H I S 5 3tfe^^fifeJ^tt. &^/^URA3 - HISS - ADEl 31 T fife it ^ f /j^ i" -S 
Ci:*^-tti*^o ^/Z:. {2) xnhtifzn^7t\zLX . ( 1 ) ^ ^ ffl T ^ of 

T fife -g) c 

[ 0 0 S 2 ] 



X . W09 9/04 0 1 4lc£^^^tlTv^^Jc-7=5r. ^ ^ > ^ 9^ • >i h - -^f izm^^^ 
^coF 4 5 0 mMmiK^^mA-f ^ Z t \z J: i> . i^' ti # > ^ M it Jb^^ # tf n ^ „ 

^ -4f3l'feT#<^ii Ale ck ^ . ^I^MaM^SiaI)t?*pi-f '^ii-Sc # t H u ^ t ;u > 

i" ^ C i: IC J: . # V 3^ <^ M at 4; # It' tl ^ o 

[ 0 0 5 3 1 

. feij FI ^ ti i( c;> ^ 3E ^ -b -y h ^ ii A /b^-^ S L = 
[ 0 0 5 4 ] 

R N A hm^nti^mW.^ tl^m^X . -g|^:3 K > c7)aiRiO $ tl ^'J ft!l ^fe i: M =5r o T 
^ 3 "btlTv^-So ^^>-T^^ 5^ - VJUH— ■*tT'lin-f>'>ziKx?:>CUGi7*-fe'i 

>tc^iR^tl-5fc<i6(0hama T.#. Nucleic Acid Res.. 21 
140394045 (1993) ) . AfliSi* 1 a c ZMftT)b^\ vl§'l4^ff o /9 ^- ^ ^ 
h>'r--fe'lcSliR^ti^-v^ (Sug i yam a H. Yeas t 1 1 : 43-52 

(1995) )o icsajt-fe^ ^±-^,J^^^c^i. ^tii?*^^>^^ 5^ - 

■7 ;b h - -^t ^ ?t± t L Tafiit-fKT^ ^315 -t± § if^. /r.MO i: L T n ^ >^ > :3 H > ^ ^ 
J^-ttlljC^V^ ^ IC^* J: < %m ^ if -g) a6 ft!l <?> T 5 K>^^^>-T^^ 5^ - 

;Uh--^c?5^c?5lc-^^^i±T^^v^o l5iJ^l^Wo 1 f K. m None 

onventional Yeasts in Biotechnology. <5045<50M 
auersberger S.#^. Candida maltosa p524 — 52 

[ 0 0 5 5 ] 

^¥Lm<^n% \^\~'%1I^W^mx\t. 3i€T^3t^^i: LT4£5^»'I4# V :x X ^ ;^ ^fe ^ tl 

:2|^^B/^ ic fcv^T ti . m X. ti\ # H n ^ T ^ > ^ Q-fiXg? T ( p h a C ) ^ . 

# -j 31 7s ^ ^ 60 S M i: -5 ^T^?^ n R^lC H "t S$*3ifeT#<^ * :x 7s 

^cll-^i-^^^3ife^^. ±mmirsi^mmmmizmmm.^ThA.xf^'M.mmi¥tL. -^mm 

[ 0 0 5 6 ] 

# :x7.^;b^fiS^lcra-^i-^^*alfe^ i: L T liiff ic FIS ^ ti Tie-^j^ ( 1 ) 
X^^ tl-S3-t Ha^v-T^u^ > i&^^^S^ L T ^ -2) # :x X ^ Jico^f^lz m^-f 

mm^j-io'ttf ^ L < . nest ( 2 ) x^.^n^ 3 - 1 k n^^i&iei:TiSst ( 3 ) x^^^ 

tl^3-t Kn^^-^^-tt>^i:^^fi^LT'&-S^S-^# "Jocx-T^^bP (3HB-C o 
- 3 HH) (^^f^lzm-^-t ^MMmiKj-X^^ C i: J; *f ^ L 
[ 0 0 5 7 ] 
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[ 0 0 5 8] 
[it 2] 
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[ 0 0 5 9 1 

[its] 
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(3) 



[ 0 0 6 0 1 

1^iJx.li\ :tf ll¥ 1 0 - 1 0 8 6 8 2 -^£^ffitcie«S ^ ilXi^^t^ ') =^ ^ 'i ^f^mMMii:^ 
^m^^ ^ Z t i]^X' § -2) o 
[ 0 0 6 1 1 

^fz. ') 'i^f^mMmiRl^ t^iz. ') :^ ^fj^<7ymn t ^ (R) -3 

zn^<^miKj- iiLXlt. i^\x.lt. )3 mitmm^^mi^<^:^ ) -^^^-CoA^ (R) - 3 
-tKa^^T^^b-CoAtc^J^i"^ (R) ^ ) -f^i.-CoAtK^57_4f ( 

Fukui T.^. FEMS Microbiology Letters. 170: 
69-75 (1999). iff ^^10-108682 T-b^^b-CoA^^ 

5 fb L T 3 - H a ^ 7- ^ - C o A ^ ^^.-t h^'rV^ir^-^. NADPHfifei¥ 
tt'i^Vi'^--Hm€;T(Feoples OFV. J. Biol. Chem. 264 : 1 
5298-15303 (1989) \-fhfl^. ^^C. Z - V T >V - C o A- 
T^^i.^-\'';T-7°a-7^^>M7U^^(Taguchi K.^. FEMS Micro 
biology Letters. 176 : 183-190 (1999)^/f!v^^Ci:2t 
^ ffl T' ^fc ^ o 

^ ^ ic ffl § 3 i: i?*T' § -5) o 
[ 0 0 6 2 1 

:$:^h;:|TI±. T:xnt-^7s-^^ti':xt±33fc(;)phaC (itfll|¥1 0-1 086 82£^®. 
Fukui T.#. FEMS Microbiology Letters. 170: 

6 9- 7 5 (1 9 9 9) ) i:. 7^i.xhz^7'-^-Nn7Ti*c?:>phbB (GenBa 
nk:j 04 987)^fflv^/co 

[ 0 0 6 3 1 



X ^< ^ ^y^^ M > \z m^-t i ^ ^ \zffm.{^tLY)n A (phaC a c 1 4 9NS) <50JgS 

h -•^T^mi-'S J: 7 fc^i+ L ;^ D N A<^J^SE^iJ ^Se^iJS^ 3 IctkL/c. 
[ 0 0 6 4 1 

M<^'r ^ J ^ffi^ij ^ > ^ y~ ' -7 ;^ h - ■♦t |*| ti ^SK^U Taloti . \^ti^ts: 

SJ^aSe^ljT't S C i: 5b*T'§ So J:^)^*L<li. Z tl # 3z X ^ ^fiK lc|§ -^i- 
-^) al ^ ^ ;^ ^ x tc ^ ^l. ^ ^ V - A K ^-^ )l h L T 3 o (?) T 5 ; ^le^lj 

lb /j^ -5> r > / T ^ =-y / y^^T A > ) — i 9^ > /t 'I ^ ~y / \^ ) — 

( -b 'J ^ — X -7^ > ) -r ^ —y X\ti^ -i y <7y\^-fti 

Ij^X' ^ ^ hv^ 1 Z h^m^^-f ^ (WOO 3/0 3 3 7 0 7) c 
[ 0 0 6 5 1 

wim'^'\i.itmm (uas) #<?)d n Aie^ij^M^iS l . ^i^atfeTc^^s • ymz. .t;';AN- 

^n>^r-^;i.. 57- 5 _ 57_^<7)DN ASe^iJ^illS LTftMi-^o z ti ^ D N A SC^U tS 
[ 0 0 6 6 1 

T4;flJfflT§ -So 7-n t - 5^ - IC ^ 65 tf 7 4; <^ ^ 1^^ 95 7 t <^ )5?* 

9 - ^ - 9 -t)^. ^ ^ y i y ' -7 Jl h - X't^m-t ^ ^ <^ X 3h ^ Z t t^'ttf ^ L < . _h 
t^y'xn =E - 9 - . 9 - ^ - 9 — i)^ . ^^>^^r-v^Uh-+»-Ei3*T*>SCi:)b»J:»)W 
*Lvn ^ hizitf ^ L < It. fflv>S)^*®T"j|.v^>|^'|4^Jf o ^ -T*>So 

150 X. . ^ )^ ^ i)?. L T If^ S Jt a ti . 7' a t - 5^ - t L T . ^ ^ y ^ r - 

v;uh--»t(?:)ALKl3ife^ (GenBank : DO 04 8 1) c7>7°a^-5'-ALKl 
p (WOO 1/88 1 44) . ALK23ife^ (GenBank :X5588 1) y° u 
^ - 9 - ALK 2 V ^^m^' ^ Z t io^XB ^ o ^ic Z tL ^ <D y' u ^ - 9 - (7) ±mz A R 

R ( T ^ > u X vt; > ^ 7^ — i^- 3 > ) Mf^i ^ M^M f]V -f ^ z t \z ^ 'o y' ti ^ — 

5^ - '14 ^ fS] _h ^ ■(±/z7'at-5'-(*§'b. 2 0 0 2 ^ H . 

p 1 9 1 ) ( nmm^ 4) ^fij^-t^ciitT^So ^rz. 9-^^-^-9-tLxit. ^ 

^ y ^ 9' ' >i h - ^ A L K I MiK^ ^ 9 - ^ ^-^ - 9 - A L K 1 t (WOO 1/8 8 
1 4 4) W&m^^ ^ Z t ij^X^ So 

'SriD. 9 -RX/yXlt 9 - ^ ^- 5^ - * K ^IJ a. ^^yn^^V'-^Jih 

-■^xmm-t ^niMx^tiit. i -o^l < itm^m^umt^x^. ui^Rz/xxit. ptn^ 

^ tl S SK^IJ T o T ^ J; o 

±lfi 7° a t - 5^ - a . :t ^ V - ^ -h Jl ^ zn - \i ~t ^ D N A ti^Ptn^ ^ flfz yis 

') 31.7^^ ji ^f^iz m^-f ^mM^ ^ - -f ^MfKj-^ 5 • ±-rLtc. 9 - ^ - 9 - it. 

Ji ir^>' V - A le f^i] ^ ^ =1 - K -t S D N A /jn ^ tl * :x 7s ^ ;u c;) ^ [cH 

i-s^^^^i- K-rsaife^<?)3 ' rmz. ^ ti^ti 31,1*5 ^ tiSo 

[ 0 0 6 7 1 

«^-ts;^>Sti. iff fc tis t <^Ttt'&v^o * ^ ]5fe #iJ 60 ftH ^c 4; *iJ PI ^ ^ #5 iji ^ fF fiK -t 

^fziblzF C R'A^mmxB mx.lt. W O 0 1 / 8 8 1 4 4 ic t^W^^^'A h^i$.mxB 
[ 0 0 6 8 1 

ZcD^m.^^ V V ^S#^fe#lcg|5-(S:tf Sfi5 tc|fl^3Ati^/i()6lc It . -b -y h 



[ 0 0 6 9 ] 

• T Ji x<?>ffl|B]mfeTDf 7° a - 7- i: L T ^^ 'j 4f >■ a > vS^fflv^T?X 

C t ^„ 7'n-7Mi. P C R^^fflv^Tfl^fiKT-S -2. o S^fe^DNA^-f^^ 

[ 0 0 7 0 ] 

-i^ijiiLTtt. (1) \zmm<^u R A 3 miKi^mmizm^^fzu R A 3 mmmDN A- 1 ^ 

iz. V- ^-atft^ i: LTH I S 5 alfe^^lf A L . U R A 3 it -fe^Sff n-g|S^i c?> tc # 

^- i: LT. mm'^^i^±.(^mm^ nrzv R A 3 g^fiic^t^fi^ic s e^jt^T^tf a^ -tt-s 

D N A^fpfi^-t ^ C i: -So at -fe^*?)^ AvS i: L T li . (1) iei!^<^®M^ Av£^ 

[ 0 0 7 1 ] 

7!7-fe -y h ^itf(iiA L fcti ❖ ^ Si -t -5 3 i: ij-^T'g ffl |b] ffl^ ;c fc J: ^ a 

iz^me^i^mAh-'^mx^^o ^rz. mM:\^\zii\^x ^mmm^mt:^' ^ ^ \^ ijnizm 

[ 0 0 7 2 ] 

# 'i^f^lzm^-t ^miK^^M^^ -v h T' ff^ IeJ^ ^ ti 1$ # ^ ^"t § z t \z 
J; ^ # 31 A ;u Mat a . cfc 7 tc L T ^ 3 i: )S?* T $ -5 « 

igfttclfl i: LTii. mW^t^'MitX ^ -5, t <?) T tl (?) =t; 7 =5r t <?> T t ^ » 

m^ni}^±mikmMx^^m^^3h^ . ikmm\ii9\'<^^^mt Lxit. mmm. mmum 

tlti^v^**. 2 O'Ci)^^ 4 OV-b-^'itf^L^-^. ft Pi6 ic li ic $0 1^1 ti v ^ . 1 7 B g 
[ 0 0 7 3 ] 

^^^Bjij^^ ^ L v^ff^fiii: LT a. ikMMtLx. mmm. mmmm. TJi^->im^hiz 

Itn-T >l :^ym^m^^^ Z tt^X^ )^mmt LXli. m X. It 9 ^-^ 'i^ . 

^ij^mi-f ^fl^ . Zfl<b'km^LX{$.m-t^Zt^XB^. ^fz. Mitt^XB ^^\^t}^Xlt 

^^d; < MinxB t£\'^)^nB'^ma. i^t-k^iz ') ^^'^M-f ^ z tiz^ -^x^m-t^ z 

Z t^XB 
[ 0 0 7 4 ] 

mmutLxit. m x.itT > ^ --F . uitT y ^ — ^ mm-r > ^ - o u . '> y m-r > 

^ — ^ u^<^T > ^ — 'y uM<^i\!i. -<7°h>. itl^z^x. x#)b^-#i-f ibti-So 



T 5 J B:M :t'575>Bl. >^ 9 ^ y B 1 2 . \^ ir ^ y . —u^ 5 K . 

yv^ym. hf ^ 5 > C 5^ 5 >M#)b*#l-f lb tl-So 

g^^^Mi:LTti. ^ >l ^ - y-.^ tf ^ ^ V - ^Wt^^i-f hti^ . 
[ 0 0 7 5 1 

>giij ^ ffl T 'J :r X -5^ ;u ^ ili -t ^ o 3 ^0 # >; :x X -t^ ^ # ^ ^^iglij vgi^ . M 

L f:: # V 3^ ^ ^ ^ 1:^ ^ -tt T . # 3^ ^ ^ iHl iJX -t -5 3 t T § -2) o 
[ 0 0 7 6 1 

7 3 i: # ^ o 
[^b;?<?5^«1 
[ 0 0 7 7 1 

[ 0 0 7 8 1 

mmMmmiz-i^-oxn ^ fzo 

[ 0 0 7 9 1 

L Biitt : I 0 g XL h ') y h y . 5g//L^#:^^X. 5 g/L^JS. L B y' - h <^ 
Malt. ^^^1 6 g/Ltc'&'5)ck7tc;/]nx-5). 

YPD±§tl!i:iOg/L©#:^^x. 2 0g/L/K';--^7°h>. 2 0g/Lr;u^-Xo 
Y P D 7" u - h <?:)iS^tt . 2 0 g ic ^ X ^ iz^x.^ . T^-y Y P D 

±l!l<?>Jt^a. T^—y^O. lg/L^nx.-&o 

YMigit:3g/L^#:^^X. 3g/L-7;uh:^^7s. Sg/L^N'^^h-^^'h^. 10 
g/L 

S DtSit :6. 7 g XLT ^ J ^-Xh^hn>^-ac>^-X (YNB) . 2 0g/ 

L^'i^-y^o T "f — y ^'WHi^'^Malt-r ^ — y ^ 2 4 m g X L'i^liu-t ^ o ^ 'J y ^ 

^J:g±-t!l<7) Jt a a ^ 'i >^ > ^ 0 . 1 g V^S/jn-t ^ , t 7s ^ > # ^ i:g it<^ ti t 7x ^ 

>^ 5 0 m g/L^^^n-t^o SD7°u-htfOJt-^tt^^^2 0 g/LlcSr^ck^lc^Dx.^ 

o 

[ 0 0 8 0 1 

Mtgtl!l : 0 . 5 g 6t^v ^ A . 0. Ig/L^^. 0- Amg/Lfr^y. 
0. 4mg/Lt°';K^^>. 0. 4mg/L^^°>^■7^>^^^^>'^A. 2 m g ^ L ^ J 
^> h - 'I . 0. 002mg/Ltf':^^>. 0. ObmgXLUit^. 0. 07mg/LfifL 



87. 5mg/L';>^27Ka^'i^A. 12. b m g X L ') y m 1 yi^M 2 ^ 'I ^ u . 0 
. 1 g/L J^fb^ ^l- ^ A. 2 0 g/L 3 - 7... t ^i^'^ Z^#^Migtt<^Jt^ 

It. 1 g / L fiSL^ T>t^'^A^^nx.^o fiiL^ T > ^ — 'y ujkUT ^ — > ^^Minit<^m 

^It. Mi^mz 1 g / L c?^ mm-r y - ^ u h 2 A m & / ]^ <r) T - y X. ^ . fil^T 

>^::^'t7A;^Df7'-T^^> • 'j > # ^ M it <7> Jt -a . M^gttlC 1 g / L > t 

-^Ah 2 4mg/'L<?^T-x^>i: 0 . 1 g/L<?>^ V >''>^^nx.-5o T > ^: ^ ^ A 

^^'T -^^-'-v • t X ^ > #WMl:g±1fL<^jt □ ti . M±#il!lic 1 g, / ]^<Dmm:T y ^-'y uh 
2 4mg/L<507'-T^— > i: 5 Omg/L<?>t x^i^*>^^n;i^„ fiti& 7' — '^a;/^^t 

■T=-::^> • ^ 'J > • t X ^ ^* > ^^MtgiilliOJt^a . M±g±lillC 1 g /L iOfirt^T > t ^ 

Ai:24mg/Li^T'-T'~^>^0. 1 g/L<?>^V>^>i:5 0mgXLc?^t7s^>?>^^n 
[ 0 0 8 1 ] 

M 2 itit ( 1 2 . 7 5 g/LfiIi&T> t ^'^7 A. 1. 5 6 g L > ^ 2 ;d<^ t!? V ^ A . 
0. 33g/L';>^l7K^^';^A - STkfnt;. O. OSg/L^fb^M^A. O. 5 
8, /l.Uit-i- V ^) ^ 0. 4 1 g/Lfiti^^ r^S-^A- 7 i^mm. 0. 4g/Lffi^ 

t;? ^ ^ A • 7 ;d<fni^. 0.01 g^LUit^ (I I I ) • 4 :d<fni^) tc . 2 w/v 
-Uir ^ 'I t UWilz » L h U - x :x u > > h ( l g /m L fit^i* (II) -7 TKfnif^ 
. 8 g XmLmm^Ms (II) -7 6 . 4 g/mLfit^^^ ^> (II) • 4 tK 

fti^. 0 . 8 g XmLifLmm (II) •5;d<ft^)0. 45ml yL^'SM^t^ » j^^ilS 

i: L T . )^m^ 2 0 g /i^mii^-f ^ o 

[ 0 0 8 2 ] 

^#<?5i^#±#fttt . SOmlMMW. 5 0 0mIflxP7^x=i. 2Lflxn7^Anifc^v^ 
ti5->^~^-^fflv^T^f-:>/co SOmlMMW^JSoSOOrpm. SOOmlJ^Pv^ 
xzj<7>Jt^l 0 0-^-1 1 0 r pm. 2LMuy^^ucom^9 0^1 0 0 r vrnX^Mt ^ 
ii^ L fz o ±§«SS IS . ty'V-h ±§« i: ^ ^C 3 0 °C T' 5b -S » 

[ 0 0 8 3 ] 
( ffeij FI S$ « m II ) 

$ij ^ ^ II . > - :^-<^m'^'t ^fxrn^^f^. ^-SVMiSamb r ook#S. Mo 1 
ecular cIoningiA Laboratory Manual. Secon 
d Edition. Cold Spring Harbor Laboratory 
Press (1989) tc %^m<^:^dn: \z'^^ X'^f -o fzo 
[ 0 0 8 4 1 

m^^^ cb ►)5>Jf^tircURA33tfe^^-7-^-i:LTjfo^-V>^^ >l h--^ 

;^ ^ ^ 5; ^ p U T U - 1 ^ . ie^iJS¥ 5 6 lcifim<?> 7" ^ ^ -7- (del-sal-5, de 

l-sal-3)^fflv^T. S t r 2. t 2. g e n e^±U^ ^ ^ "f-^y 'J ^ V V \z ^ ^ . URA 
SmfeT^J^T^S a I I mmmm^ -i V -^m.m\^rz-< ^^'-pUTU-de I s a I ^fti^ 
Lfco C<^pUTU-de 1 s a lij-'b. Sa I I irXho IT'URA3 alfe^ m 
L. m") \^\^rzm}^^^U ^\JT\]- I <r)X]\ o I -^-f htcipALfc^-^^s^ KpUTU 
-2^ftR^tfco pUTA-1 (WOO 1/88 1 44 tcIS®) ±<7)ADE lil^^^. 
pUTU-2<?5XhoI-^-fhlc^'n-^>rL. p U T U - 2 - A d e ^ ftfi^K L p 
\JT\J-lcr)-7>i^^u- — y^-^-{hcr)Sai \ \ ^ -i V \z . pUCligic^'n-z^^ 
r ^ tiT H I S 5 m feT ^ ^ n - > r L . p U T U 1 - H i s ^ (1^ L „ M ic . 
pUTU-2-Ade<^-7;i.^i7a-::^>^-^-fh(7>Sal I-4--^^^c. HISS atfeT 
^>rn-^>rL. p U T U - 2 - A d e -H i s ^f^i^ L /io 
[ 0 0 8 5 ] 

pUC 1 9 (D-^ >i ^ ^ X2 - z^y V o t I-Sph I-Sa I I-Xho I-N 

he I-Swa I-EcoRIlC'^^Lfc7'^X5 HpUC-Nx^Sph I-Sa I I 
^ ^ V\z. URA3 5 ' ^m^l^m 350base^. ffi^iJS^ 7 RU 8 tclfiiX 



<7)y' y -i (ura-sph-5,ura-sal-3) ^fflv^T. HpUTU-de 1 s a 1 J; 

f-co 3 ' *i^g|5^^^ 460base^. ifi^US^ 9^^/10 icgei^c^^'^ ^ (ura-nh 
e-5, ura-swa-3) ^fflv^T. P C R ii ilig L ^ a - - > 7' L » C =k 7 ic L T . URA3 
Sfe^m D N A - 1 ^ ^ t? 7- ^ X 5 K ^ fl^ fiK L , 
[ 0 0 8 6 ] 

}XlZ. URA3fifei^fflDNA-l^^t?7°^7s5H<?^Sal I-XhoJ-^-fhlC pU 
TA-l<7)ADEljtfe^^:^^. mnm^ 1 l JkU l 2tcie®c7)7'7^^- (ade-sal- 
5, ade-xho-3) ^ ffl T P C R • }f A L T . U R A 3 B^Jgffl D N A - 2 ^ # 7° 7 X 
5 H ^ ft fi^ L „ 
[ 0 0 8 7 ] 

URA 3 Sfei^fflDN A - 3 ^#t?7'7 x 5 K I J . ADE 1 alfe^<?> 5 ' 630 
b a s e ^ . mnm^ 1 3 1 4 tciei^iO 7- ^ V- ( ade-xho-5, ade-nhe-3) ^ffl 
TPCRiiitiSL. URA3e^l^;^^DNA-2^#t^7°7X$ HtfOXho I - Nh e I ^ -i 

[ 0 0 8 8 ] 

HI S5fi^J«fflDNA^^t? 7-^X5 Hli. pUC 1 1 <^ \z ^ u - - y r ^ tiX \^ ^ H \ 
S bm,ik=f-<^ b ' ^W\U9^'4^ b 0 Ob a s e^K^iJS^l 5;^^^! 6lcie«<7)7-^ 
(his-sph-5.his-sal-3) ^fflv^T. HlS5at'fe^<^3 ' ^^U^'aH 560base^ 
Se^US-^ 1 7 1 8 \zl^m.<D -7° ^ -i^— (his-nhe-5.his-swa-3) ^;^!v^T. URA3 

DNA-3^B-ty7"^7. 5K<7)SphI-Sal I-^t^h. Nhel-Swal-^ 
-f H ^ Ati#x -Sff^T. ^n^-tiUHiX ^ u--y r~t^miz Jc i^f^Lfz. 
[ 0 0 8 9 ] 

(^]^15IJ 2) AC 1 6tt<?>URA 3 mfsTS^i^ 

AC 1 6 1*^ 10ml ^^mmwx'Y p Di^mx-m-ikm^Lrz. zcomi^^L rzmm^ i 

ml/l 0 0mli^xn7^x=ii:'^^J;7YMi:§il!ltc+tSL. 6 ^f^±#«^. L 
®^20mlc;5lM SorbitoncigiiSL.30 v5t7# L/ioM^tcS^^lM S 
o r b i t o 1 0 . 5 m 1 ic L . ^ > ^ > h t L fz o Z (T) u y \^ ^ y h 

0 . Im \ iz. mum 1 U R A 3 mmm DNA-2^#t?-7'^x5K^Sph I tSw 

a I x-mmmmm^ l/^dna^o. img^n^.. m^^-^'i xviic ^ ^Mi^^mA^n-^ 

fzo MM^^'i ib^ltfc^. ^^-<>vhtclM Sorb i tol^lml Ail. */^T 

> h < ^ (SaoH^tM) ^fflv^T3ife#D N A^ttm L » tl D N A 5 ^ 
g-fo^. 3fiM^^vSScaI. EcoT14I. ScaI+EcoT14ITisyi^SS? 

LT^:^^ L . 0. 8%-F^n-xr^uTmM'*IIJ^^f ofco Mo 1 e c u 1 a r 
cloningiA Laboratory Manuals Second Editi 
on 9.31 — 9. 57. Cold Spring Harbor Laborato 
ry Press (1 989) tct^oT. ^^^ib-'b^^^>J^>HN + 7^;^5' - (T-^iy^ 
unm) iz 1 mh y y T - Lfz. ^ ^' > x:^ -y h ^ihm y° ^ - ^ It . URA3alfe^ 
{H<^MMX^^ S c a 1-Nde IW/Y (34 0bp) Gene Image^-^'J^ 

r-t^ti]^-vh (T-^iy ^ unm) xmmmmtrz^^^m^^rz. ^ 'i y ^ x'^. m 

WL. IB] ^ -y K co^T^^feM^T D N A H ^^^tli L fco 1^ m > K ^ If ^t* I A M 1 
224 7<?>^<?)i: ItlX L i: Z ^ . If ttt* T' ti 5 7 0 b v^'^y K ^ "t S c a I + E 
c o T 1 4 1 ^11 L D N A t^fzlz ADE 1 MiK^ ^ V R A 3 M^kT- ^ A^ ^^-f 

1 8 4 0 b p co^^y H ^^-tt*^]§fi L fco Z^tfli. ScaI^EcoT14 1 5(^11 <50 
^^'>KT^;^II^^6^^^^L. URA33lfe^<?5-0)tj*ADE lalfei^tcJ; lE fit fife ^ tl 

i: filif . 5 tl „ 
[ 0 0 9 0 ] 

YKiz. Z^^^^ ^ ±t^tm^ilzmmLrz^y hmmiz. URA3 6feJ^fflDNA-2 

^^tsV 7 7s 5 H ^ffi^iJS^ 7 1 0 \z%^m<^-y' 7 ^-TP C RvSlc J: iiilig L/cD 



NA^O. bmaMx.. t [1] tl ic Mtl ^^ X ic =b ^ it fe^ 4i A ^ ff o » ^< ji 
fr^tt /zit ic YMigit 1 OOmllctlfflL. imi^^Lfz. a#^0i|Xt. MtgitCfit^T 

> A>5r L) T 1 B^jrgftLfco ®#Ih]i|X^. Mtgit ( fiSfei&T > t ^ ^ * *) ) # L 
. 6 Iff Pel B^iSft^ IC . ^ ^ 9 ^ > ^^<^mf^O . 0 Img /m \ IZ ^ ^ J;: ^ izM x. . niz 

1 mmi^^Lfz. m^^'<9cWL . ® # ^ t ^- - > a s d 7- u - h tc 7. 7- u -v k l , in 

ML fz^^^^ X Y J UDN A^mH^Lfz. Z ZX-mhiltzT ^'->m^m^<^'7' 

J Ult. Se^iJS^ 1 9 & U2 0 IzmW^^y y -fv-ura3-5i:ura3-3^fflv^Tl^itii^tfofc 
C ^ . TUI^TM > ^ h U R A 3 3t1ST<^ 0 . 9kbD<?>J^it)@t^tcli(tiB-t§2. 3 
k b p <^ D N A i)^m ^L. f^h") \z 0 . 7kbp<^DNA ij^m mLfz. SS^U g-^ 2 I 

2 2 ^c|fii^<?>7•7 ^-adeYUO-Si: adeY 1 6 7 0 -3 ^fflv^TiiiliS^ff o fci: 3 1. Ok 
b V <^D N A^t^m^UL fzo ziih^Ztt}^^. tlSiS^f^fl^tc 1 og<?)URA3s'feT 
Bfei^tcmv^f- A DE 1 miKj-^^i^f}^'^^mm\zmi:^rLX\^^ trnmLfz. Z^T^-> 
^j|<ttt*<:0F«g<7>-t^^ U- 1 L. i-:iT<7)^Mtcffl v^f-c 

[ 0 0 9 1 ] 

)Xlc. U- 1 ^fflv^Tlt^btlf- n->^;^!v^T. :n y ^ y h mB^MM L fz . Z cry 
=i>t'^>hlBflao. 1ml ^C. URA3 mmm DNA-3^#t?7'7;^5 H^ftiJFS^^ 

5 p h I t S w a I t Lf::DNA^O. 0 4mg^nx.. mm^^" x>S tc J: ^at 
feTii A^tf o Z<nmit^. ^ 'i > ^#ty S D 7- U - h 7. 7- U H L . 3 0 °C T 

tcU7"';^L. ^ ^jR'ttt^^jitR L f::o C tl J: •) ^fe* D N A ^ 0 i|X L . 12^0 S¥ 

1 9 JkU 2 Q \zt^m<^y' ^ ^•7-ura3-5i:ura3-3^fflv^TP CRitifra^tfofci: -i 

> 5^ ^7 K U R A 3 alfe^<^ 0 . 9 k b p ^ K 5b*>^^ L . U R A 3 fi^i^ffl D 
NA-3<^-4--fXT'^-52. 9kbp LX\^rz. Ifi^OS-^ 2 I IkU 2 2 \zt^m<^ 7' 
^^-7-adeY110-5i:adeY1670 -3 ^fflv^Tjii|JS^ffo/-::i:3^. 7U T ii ±i ifrS L ^Sr A D 

Eiiifei^i. 5 k b p Jb^i^iiis L zti'b<?>ci: \j K A z Mik^nmm \zmmm 
mmLTzo uhrirzii^<D^^^^'W.\t. ^ ^ - p u t u- 2 -efflffl $ ti-s c t ^fiii?.L 

tz. C<?>^^^^uSj|<'t±t*^^^>-T^^ 5^' ^ >^ h--^U-3 5 h^^LTzo 
[ 0 0 9 2 1 

K\z. 5^'- h--^U-3 Stt^YPDigitl 0ml T%^^J:gft L o 

imm-r y^-^ U^*) ) \z^L . 7 nm^^i^W^\z-^ ^ :^ 9 y-^mmi^O . Olmg 
/vaWzii^ X^\z1]Wx.. ^\z l^mi^^LTz. mW^k'^tW^. t ^ -y Jku ^ ^) 'J y ^ 

UiSiL) T' 1 B^fejrgft^. ^ iy' y ^^Mf^Vk ( T > ^ - A ^l?> ) ic # L T 7 ^ 
^±g«L. ^(3 i:' i: [B]>lf X 5^ ^ > 3?ail^ff . t -r^^ > ^ 'J > ^ # t? S D 7° 

U - h IC X 7° U -V K L o ±§ tt^ . If tl * :3 n - - ^ . S D 7' U - h . ^ i^- > ^ 

# S D 7° U - h . IC — > ^ ^ ^ i^* > ^ # S D 7° U - K IC U 7° L . ^ 

— > i: ^ ^ ^ ^i- <?>M^ftWStt%^-r ^^o-^T-afe^Ci: L/co Z<7)1(^^ ^ Y ) u 

D N A^ttm L . le^iJS-^ 1 9 2 0 \z%^m<^ 7°^ -fv-ura3-5i:ura3-3^fflv^TP C 
Rlti|iS^ffo;'itc^. URA33i€TlcADE 1 31 A ^ ti 2 . 9 k b p <?> 

> H )t>^vi^ L. f\;b^)lcURA3at'fe^4^tcADE 1 at ^ if o X afe -5 1 
. 2 k b p ;b^~lii|iS LX^^Tz. K^US^ 2 1 & 2 2 lc|fi®c7) -fv-adeY110-5i:adeYl 

6 7 0-3^/11v^Ti^iliS^tf o f:: i: C ^ . UWXltm^^-f h A D E 1 itfe^ 1 . 5 k b p h^m 

itigL^*'. UhtLrz^^^^'W.n\t. it ^ CO AD 'E 1 w.m'&^j-o^^ -i XX^^ l . O k 

b p <7>^^'> K ;z*^Ma6/co Z ti z "^j . U R A 3 Mfe^ A D E 1 m€T A 
D E 1 mfeTDfn-*^-fB]-MfeTl*lTffl|B]fflm;ctc J; "9 @ .^Jc A D E 1 al €T ^ ^ o t 

2 S'^ft^J|<'l4+*^ ^ ^>-T^^ r ' K-^tUA-3 5 4 h^^LTz. 

[ 0 0 9 3 ] 



immm 3 ) a c i e t*<^H i s bme.i'mm 

mmm 2 t- fpR^ t u - 1 ^ ^ =1 > t° > h 03^^ l . hi s 5 mmm d n a ^ # 

7-^X5 H^^yPM^^Sph I tSwa I X^^M DftMLf^iDNAO. 0 4mg^^n;c 

t 7. ^ > # ^ S D 7' U - h ic 7. 7' U -y K L . 3 0 V X -i y ^ ^ - h Lfzo H^MLTz^ 
u - - ^ *) Y J UDN A^l^H^Lfz. HIS bmirsl^^<^mmmMir.^<7yH I S 5 atfe^ 

i:ffliB]'i±<^*>-5tis^<?>7 ^'■■gis-fe^?^ 7' ^ ^ - . gp *> fife jft it ^ it^^nx^-^ 

=&v^H I S53tfeT<7^7'7 -f^-T'^lo-&his-sal2hhis-n00 (ffi^U 2 3 & 2 4 ) ^ 
fflv^T^-^/^DNAiiilii^^fofciiC:^. -f>57 H^H I S5atfe^<^-^-fX-e*>-5. 1 
. 9 iLh V <^'<> tnizH I S bmmmDN Aco^ ^ XX$^^ 3 . 4kbp)!j*jiitii-r^ 

[ 0 0 9 4 1 

> S D 7° U - h ic 7. y u -y H L . m hiirz^^^^ J;: *) Y J U D N A ^ tlk L . 
y ^ -f7-his-sal2i:his-nflO (Se^U g-^ 2 3*^/2 4) ^fflv^TrJADNAiiitig^ff 

■ofztZ^. > ^ K 'SrH I S 5 jlfe^<^-4- XT'*>-5 1 . 9 k b p > K ^ 

itii^lf>a6. fifej^fflmfe^ XT3b^ 3 . 4 k b p tiiiitii L =5: o r::o y° y ^ ^ 

-ade-xho-5i:his-swa-3 3 JkU 1 8) ^ X F C R m^i^ ^ ^ fz t Z ^ . 

H I S 5 Ji-fe^tc A D E 1 3i ^ Hf A- )f?^ *S ^ L 1 . 2 k b p <?> K 5b^iir|i@ L T v^fco 

z<7yzti)-^. m^iitzT ^ — ym^'iiUit . 9 y h xit^^ < . ^TrtffllB]|IJlx. 

<^ *D ^ # ti t -e -g) tmM^ fifzo 
[ 0 0 9 5 ] 

iXlc. If tl f:: T ^ - > ^ J|< ck i^'^y h mm^mmL . U I S Sfifei^^DN a 

^ # V- ^ 7s 5 H ^ ffeij Fl^lfe S p h I ^ S w a I xmm LffiML/cDNAO. 0 5mg^ 
^nx.. xtSic J; -5 3i€cTiiA^tf o fco z<nmi^^. t x ^ > ^ # S D 7° u 

-h^CX7•^-yKL. 30°CTM>^^--<-hLf::o tiisa^Ja::^-^. SD7°U-hi:t 
X ^ > ^ # S D 7' U - h tc U 7° >; ^ L . t X ^ > ^ ^ # o # tl t 7s ^ 

x>^>l<'l4t*J;^r;ADNA^tttiJL. 7'7-fv-his-sal2i:his-1900 (ie^iJS^2 3 
75:^/2 4) ^fflv^Tr;z^DNAiiilii^^fofci:3^. M ii iti -5 fife $ tl H I S 
SalfeT^-^ ^ 7s-e*>-5, 1 . 9 k b p (7)^<y H lil^'Mc fifeJ^^f! jlfeT^ #^ t^ Xx^i 
3. 4 k b p )b*itrlii-t § L „ C<^t*ti. 7° ^ - h i s-s a 1 2 i: a d e-x h o-3 ( IS 

2 3 JkU 1 2) ^fflv^f-PCRtcJc^). HISS m^^^izAD E 1 3lfe^)t?*ffl^ 

nt^^Lfzo 
[ 0 0 9 6 ] 

c H- I t*^fflv^. ^mm 2 iz7rsLrz:^mtmn^:timxi- ^9 ^ymm^'if-D tz. -r 

^ > ;^ Df t X ^ > # W S D 7° U — K ic 7s 7' L -y H L . % htltz^^^^ ^ ^ Y ) 
ADNA^ttffiL/c„ C<5or;ADNA%7°^-f-7-his-sal2this-1900 (ie^iJS-^2 3 
^^2 4) ^ffl v^T r ; A D N Aifiti^tf o i: C ^ . T <?> t*T'Mt*<?> fifeig $ tl H 
I S 5 3tftT^-^ 7C-e*>^ 1 . 9 k b p (T^'^y K (?) ^ <7) ±g i|)g ^ If > <J6 . fifei^ffla^T^^ 
^;^+'- XT*>-5 3 . 4 k b p ttiti|)S L =5r o /io t 7s ^ ^ > t > ^ j|<'|4 ^ . S 

D7'u — tx^>''>#^SD7°u — ^Jixz-r n^ — yjki^^^'^'J y^MSDv' L 

„ z<Dn<^ 1^%^^ ^ y i f ' h--^AH - I 5tti:^^L/c» 
[ 0 0 9 7 ] 

)Xlc. AH - I 5t*J:►)=^>t:°^>^^^|ja^lig!^L. URA3 fifeJ^fflDN A - 3^^^v' 
7 7s 5 H ^ftiJFMS^ S p h I S w a I T 51^11 L If M L/cDNA^O. 0 2 5mg^n^. 

7°U-htc7.7'U-yKL. 3 Q)°CX 2 A y ^ ^ - V \^tz, Hi^^in^-^. tx^ 
> ^ a- S D 7' L - h i: . ^ > i: t X ^ > ^ # S D 7' u - h tc U 7- 'j ^ L . ^ 



^ 'im^'\±^^^mHL fz, Ztlck ^fe#cDN A^lHlilXL. 7' 7 v-ura3-5 ^ ura3-3 
(E^iJS^l 9;^ ^'2 0) ^m^^X P C Rm^U^'n ^ fz t z ^ . -f^^'^h^-URASal 
fe^co 0 . 9 k b p <^^^•> H )!j*v^^ L . n;b 0 lc5feJ^ffljl15^<^-^ XT'*>-S 2 . 9kb 
p c7) ±i i|)g ^ fil II Lfzo Z(7^\z i; y ■ ^ =} >v 2 M S ?l< <^ ^ 1 o ^ . ^ ^ > ■T'W 

^_^^HU-5 9 1 ^it^L/io 
[ 0 0 9 8 1 

HU- 5 9 1 t^^fflv^. 2 tCTj^ L ^ >£ i: la] tl T -i- 7s ^ ^>ig*i^tf o 

„ T ^ > . t 7s ^ > ^ ^ 'j > S D 7' u - h X 7° u -v K L . # lb ti 
a::^-J; r^i^DNA^ttmLfco 7' 7 -f-7-ura3-5i:ura3-3 (Sfi^US-^ 1 9 2 0 
)^fflv^TPCRititiS^tfv^. URASilfei^lcADEl JtfeT^^^A^ tlf- 2 . 9 k b 
piO^^-> K ^?^^v^^L. iXh ICURA 3 jtfeTtcADE 1 miK^M ^ i^'^^ fz^ 7sT*> 
-SI. 2 k b p )b^~l^itiM t T ^ l^^ail^ L f-o 'y ^ ^iJkU ^ ^ ^ i^' > T ^ - > 

'14^. T-T^ — 7s ^ > > S D 7° u — I- . t 7. ^ i/ > ^Df^ ^ 

* S D 7° U - h . T ^ > & ^ > ^ ^ S D 7' U - H . T > D« 1^ 7. ^ > # ^ 

SD7°U-h. 7'^::^>^1rSD7°U-h. 1^7.^i^-> S D 7° U - h . ^ -j > 

^ ^ 3 S^tt WS'tlt* ^^f^Lfz. Z<7yU^^ ^ y ^ -i y • ^^^h--^AHU-7 1 

[ 0 0 9 9 1 

(^SfefJ 4 ) -tt fl& S f b fi^ <?:> fillf> 

ltl4ff3lc5cfiKLf- 3 m^«^Jl^ttt*T<fc^ AHU- 7 It^^fflv^T. )\iim^ ^MM t L fz 

tB<^±^iz^mt^^^\^^zt^mm't^rzdb\z. ^ -m^^muLfz. AHu-zit* 

^C7•^x^HpUTU2-Ade-Hi s^ff^HfeJlL. SD^'u-htcnn::^-^ ff^fii^ 
^ i± /io xtM L T ti A C 1 6 7° ^ 7s ^ H p U T A - 1 ^ ff^KISJ^ L ^ ^ ^ ^f! 
c It # li . 1 5 0 m 1 <7> S D it ^ ffl . □ 7 ^ x n t* ig % L . M L » i^* ^ - ±g ft 
It. ^ nm 3L>'*^-7T->>^-^Cl. 8L<^M2 iitt'^ f± iA^ T'^f o /io S 

Sii 3 2 . mnWLli SOOrpm^iL. iiflMti 1 v v mt L fz, ikMMlt ^< - Uift^ 
-i 'i^. igftm^nJ;^ 1 Iftfigg^Tttl. 9ml/hT'. 24^fig@tTtt3. 8ml 
XhX'. ^flidmitb. 7 m 1 /h T 7 ^ - K L fco MS^ &3 tc 1 0 m 1 <?)±§fti«^ -4- > 7' 

';>7'L. > 5^ ; - ^ -It. H ^ ^ a#M^iiJ^ L f^io in 2 ic^-t J; 7 tc 

. A H U - 7 1 t*tt . AC 1 6 t fB] tl^O^W^^ L C ^ 3 J; . flg W ft 

[0 1 0 0 1 

(mum 5 ) * V :^7s^;b^^fi^[cr55 4--t-5.@l*3lfeT%3a^-b >y h <?>li^ 

±.mz^ ^ y ^' ^ y ' Ji h - ^ \kM'y' u ^ - 9 - ^ . 3 *T-rLic^-5^-5' - ^ii,^ 

Lfco ^"nt-^'-hLTli. ALK 2 3t€T (GenBank :X5588 1) iO^'n 
t - 5^ - (50 _h-iruc A R R le^ij ^ N-^jn L 7° a t - 5^ - A R R p ^ . 3 ' TiTLtc ^ ic ^ 
>^ ^ y ' h -■^'^ALK ImiKl^ (GenBank : DO 04 8 1) <7) 9 - ^ ^■^- 
9 -ALK 1 t ^jgm Lfzo ARR p a. iitzMii:^ (ie^iJS¥4 ) 
<7>Ps t I-^^htcEcoRI-XhoI ';>^-^*S^^-t±. EcoT14 \ ^ ^ h iz 
mmm^ 2 5 tc ^ t fc ^^S^ DN A^^^^ -^i ^ Z tiz ^ n . Xho I^^^/Nde IT-tT]'? 
tii-t3i:<?>ai*^ff^lc^f^L/i„ pUALl (WOO 1/88 1 44) ^EcoRIT-t;(] 
llflt. L ^-f^-->^3>^ff7Ci:tJc'). EcoRI mm^^H^ma Lfzv 
UAL2^fF;^Lfc<, pUAL2^PuvI I/PuvlT-tTJirL. pSTV2 8 (^S 
ataWi) <?>SmaI/PuvII-t^-fKtc*S^^-l±. pSTALl^ft/^Lfco C<?5pS 
TALl^EcoRI/NdeIT^:^DfL. 5ttcM^^cARRpi:^tD^^i±. pSTAR 
R^fp;^ L /zo 
[01011 

K^iJ S-^ 2 ic iniK<^ phaCacl4 9NSlc. -^^b^T^^V-Atcffif^-t^Jc-^tc. ^ 



[S]^r-^^i.i:LTa. ^^U/K^^*^lcSer-Lys-Leu (SKL)<7>7'5>' 
mm Lf-o iXlc. pUCNT^c^'^-z^>^7'^ tiT v^f- phaCacl49N S ^ilM^c 

LT . S£^IJS^ 26t27<^y'^^ ^ - ^ ffl T it feT ifrg pSTARRc?>NdeI 
. PstI-4-^htc|S^^i±. pSTARR-phaCacl4 9NS^ii^L;--c SC^iJ 
2 8 3 2 <7> 7' 7 ^-^f$ffl L . * ge ^IJ ^ ailf> L . JSSge^U . PER 

IKIN ELMER APPLIED B I O S Y S T E M S D N A ^ - :^ > 

■^-SIO Genetic Analyzer^m^^fz. 
[0 1 0 2 1 

^ ji 7-. h —T ' ^ — h y y (Ral s toni a eutropha. H16t^. AT 
CC 1 7 6 9 9) \kM<^-r ^ h T C o Am7tmMm€:J- (phbB) co:^ ji t^^i- 

^miz. Ji ^ ^> V - um\^i^ ^-h mmm^ 3 3 3 4 iz mw^^ y y v - x-ii 

r|igi-^ Z tlz^ L . iXlc. mMM 5 tcie®(?> pSTARR<?>Nde I. Ps t I-^ 

^hlc|Sn^i±. p S T A R R - p h b B L /--c UmmMlt . ilfi ^ laJtiiO^^ST 

[0 1 0 3] 

^^>^^^r'-7Jih--*fm^^9-X'3h^DVTA-l^Sa\ I-^-fhlc. pSTA 
RR-0RF2S1 4 9NSJ:^Sa 1 I i:Xho I X'^ *) L fz ^ ff^m M ^ v h 

^2f|S|aiAL. p A R R - 1 4 9 N S X 2 ^fl^;^ L 

^ic. Z^-^ ^ 9 -cos z \ I-^^hlc. pSTARR-phbBJ;^Sal Ii:Xho 

1 T'^:^ m L p h b B ^ -b-vh^lM^AL. pARR-14 9NSx2-phb 

[0 1 0 4] 

m A-t ^ rzdb<7)m AMD N . ^mm 1 izmm<^H i s 5 mmmuN A^m^^xi'^io^L 

tz, H I S 5 mmm DNA^Sa 1 I hXh o I T'^:^Bf L . A D E 1 mfei^^l^* L . i\ 
^:)^)^cpUTU-de 1 s a lib-'bSa 1 I iiXho I X-mmLTzUKA 3 alfe^^^A 
Lfc7"^X$H^ftfi!^L/io C(7)'^^5'-<?)Sal I-^-fhtc. ^UM 5 T fl^fi^^ L p S 
TARR-phaCac 1 4 9NSJ:^)Sa 1 I tXho IT^3a^-b-yh^t/]»)tjHL. 
.^^^i±/zo /Xtc. 3<?>-7'7X3K<^XhoI-*t-fNtc. pSTARR-phaCacl 
4 9NSJ:»^Sa 1 I irXho I-Cffeia^-b-vh^t^'^iliL^liS^^it. ^AfflDNA-1 
^ # 7' ^ 7. 5 H ^ fiK L o 

^•JjlcpSTARR-phbBJc^JSa 1 I irXho IT♦^:^^t^iLfcphbB^m^-b-v 
^AfflDNA-l^B-ti^7°^x^H<?5Xho I-^-fKlcl^^^-tt. ipAfflDNA- 

2 ^ # 7" ^ X $ H ^ fiX L o 

[0 1 0 5] 

^ ^ > y~ • h - ■^<7)^fe#±<?>fifel^^ iirz U R A 3 m^.^%l^\z . mmm^.^'k 
iiA-t-2.fci6<7)iiAfflDNA^. ^15^150 1 izt^mco U R A 3 m.mm DNA - 1 ^#t^7°^ 
X5K^ffiv^Tft/3^L/i„ URA36fel^fflDNA-l^B-t?7'^7s5K<?^Sal I-Xh 

o \ ^ ^ v\z. mnm^- s 5 jkz/3 e tciem<?> 7' ^ v-tp c Rititii l /ch i s 5 

T^iiALrc7'^x$ ftfiX L fco Z CO 7' ^ 7s 5 H c;) S a 1 I -4- h ic . ^]5S#IJ 5 X i^P 
ij^L/ipSTARR-phaCac 1 4 9NSJ:^Sa 1 I iiXho ITIEm^-b-yh^ 
ij]") aiL. *n^^-t±fco i^ic. 3^0-^^5'-^OXhoI■4■-^h^c. pSTARR-phb 
BJ;'9Sa 1 I iiXho IT'^^^-fe-yh^t/]>9tjbL. it. 4iAfflDNA-3#t? 

7° ^ 7s 5 K ^ L o 

[0 1 0 6 1 

mum 3izis\.^Xi'ff^Lrz^^:y^^ y - v ;u H - A H U - 7 1 % ffl . ^MM 2 



^No t I tSw a I X-mm L 0 . 0 5 m g <^mAm D N A - 1 & 2 ^mtli| A L . 
-r ^—y 7kZ/^ ') y y S D y° b - h \z ^ V' V v K L „ til 3S. L =i n - j: 

D N A ^mm L . mnm^ 2 3 2 4 x^jjk^ y ^ -^^-^^v^tp cR^^fofc„ 

^J^^ fifzH I S 5m€:^lzmM-t ^ 1 . 9 kb p<?^itfe^<^ftillc. ipAffl D N A - 1 Jk 

t Lxmn L fz. 

}Xiz. c ti 60 =k . mUlzmM^S-Am^ y ^ > h mU'kMMl- fz, :Lcry^y\£n-y 

V mm\z . ifeijFisi^N o t I s w a I L 0 . 0 5 m g ^m^\m D N A- 3 

m^AL. T #^ S D 7- U - h X 7° U -v K L fco m^L f-ri a z^- J; ^fe#D 

N A^HM L . Se^iJS^ 1 ^JkV2 0 Ttj^ ^ tl-S^'^^v-^mv^TPCR^ffofco ^ 
i^^ tlf- U R A 3 3ifeTlcffli^i--5 0 . 7 k b p & . 2 k b p jt feT<?> |*| . -fc> 

<?> ai € T <^ ttiM ?r If. 36 -f . n*3»)tciiAfflDNA-3lcffli^i-5:^§ $ it ^ 1^ its 
i-^ :3 a U R A 3 itfeTgl^lSlcii A^ tlfct* i: LT]ljR L fco ^ic. f t ^ 7" ^ 

v^f- P C R tc Jc 0 . 3ti'^i|AL/-::3ti5TlcX^;b^-'5rv^ 3 t^^fillf. L^io 
[0 1 0 7 1 

^Affl DNA-1 ^3^fflv^TfF^KL/::. ^fe#_hlc phaCacl49N S^^^-b -y 
h ib^- 3 n t-- . p h b B Wt^ii ^ v V t,^ \ n - Jf A ^ tl ^ A i: L o ip Affl D N 
A-2i:3^fflv'^T. ?ftfe#±.lcphaCacl4 9NS ^ -b -y h 3 :3 - . p h 
bB^^^-b-yh*^2=it°-JfA^tlfct*^Bt^i:L/!:o S^^C. pARR-14 9NS 
x2-phbB^Ctl'bfcff^S^mL. phaCac 149NS ^^ti -b -y h 5 tf - 
. phbB^m^-b>y h*^-2:3f-ipA$ti/--Ctt. ph aC a c 1 4 9NS%m 

^-b-y h =1 t'-. p h b B^^^-fe-y h i?* 3 f A ^ ti /it* $ ti D ^ fPfiK L 

lB]tl^C. =!>hn-;u-l-.3i:LT.AC16l*tC. pUTA-1. pARR-pha 
Cac 1 4 9NSx2. pARR-phaCac 1 4 9NSx2-phbB^^ti^ti0 

[0 1 0 8 1 

m 1 1 





7i£ 








HIS5^ 




phaC 


pli£ 


oontrd-l 
cortrof-2 
oortrol-S 

A 

B 

C 

D 


/JC16 

AHU— 71 
/5HU— 71 
AHU-71 
AHU— 71 


pUTA-l 

pftRR-pl^iGacI 49NS^ 
pflRR-phaCacI 49NSx2-pH3B 
pUTA-1 
pUTA-1 

pARR-phaCacI 49NS>c2-pH3B 
pARR-p^^£:&c1 49NSx2-gH:fi 




^AfflDNA-3 

^A^>JA-3 
I^AfflDNA-3 


0 
2 
2 
3 
3 
5 
5 


0 
0 
1 

1 
2 
2 
3 



[ 0 1 0 9 1 



# ■7-^^tC'£^^'5ratfe^ A L tz.^ \ y ^ ^ - ^ >v V - ■4-ffi}^xt*^iX<7> J: 7 
t5«L/io ±g it ti S D ±§ ±-t!l ^ iti ±g ft ic. j^^ilSi: LT^N--Atf.vEij^#tyM2±§±-t!l^^MJ:g 
it i: L T f$ ffl L „ § ffll^ t*<^ ^ -b n - X h >y 5 0 0 m 1 ^ . 5 0 m 1 ^ HU i§±l!l 
)5?*Ao 5 0 0 m 1 O 7 ^ X n tcfiti LT . 2 0ififf^±§ftL. 3 0 0 m L <7>^^i§tt^ 
Atifc 2 Lilxn 7 ^ 1 0 v/v 70^11 Lfco cti^J:§mfiS3 0 °C . ISffialS 9 0 

rpm. 2 H fiOJ-gft i: -7 L S'Hn ic o T S # ^ 0 L 

. 8 0 m 1 mm 7Kfc.#®LTiH^i±.t>t>''-^-f+f- (APVaM. Ranni e200 

0. i5ooopsiTi5 ^f^) xm^y^tz'^. S'li^^si^tf v^. mhtirz'dtm.'m'k ^ 
'9 ) - >vxw^\^rz'^. Wii^mi%\^tz. %htitzmi%mw^m^\^ . ig^ffML/--„ z 

fi\z. a a * A ^ 1 0 0 m 1 7^^D L . — WiMX"^ L T tti L /z o Lxa^^f^iL 
. ^ 3z # U - 5^ — T' 1 0 m 1 IC ^ T'il*i L . ig^ii^tc ^'J 5 0 m 1 ^ > ^ ^^^D 



LT. ') ^-^mm^ 'i±r:io ^^^tifc/Kv^-a. nmr^^^cjeol. jnm-e 

X 4 0 0 ) IC TfflR^5>1ff o fz. 

[01 101 
[m2] 





(wt%) 


(mol%) 


control-1 


0 




controh2 


14 




control-3 


25 


18.1 


A 


31 


18.9 


B 


40 


14.3 


c 


43 


15.5 




45 


14.6 



[01 1 1 ] 

±.ie^s*j:»). ^mn<^mumirsi^mmmM^m^^ ^ z tic ^ ^ . mdbx^mmizp ha 

[01 12] 

^fz. ^¥imiz ^ ^ . ^^m'\±i]'^iitirzm'\i^i^-t ^ 3 - ^ \' ^ ^ -r ^ >m^nM 

^ L T 4- -5. ^ M ^ # ^ X -7^ ^ . mM^izisx-^X^^^lz^m-t ^ Z t i]^^miztc -y fzo 

^hiz. m^^mmiz ^ ^ z t ij^mx^ . ^ mnrz^^^m^ 

[01 131 

[HI] mmmizis\^xii^f^Lrzm.mmDN A^m^^^mx<,mx^^. 
[m 2] mMmm^m.mmn:<^mm.'\±^itiiLrzmx^^. 



SEQUENCE LISTING 

<iio> mmit^xm kaneka corporation 
<i2o> mmmm^mmmm 

<130> B040069 
<160> 36 

<170> Patentin version 3.2 



<210> 1 
<211> 102 
<212> DNA 

<213> Artificial Seguence 
< 2 2 0 > 

<223> synthetic DNA 
<400> 1 

aautgcggc cgcagcttgc atuctuag gtcgactcta gaggatcctc gaggatcccc 60 
gggtacgcta gcgtaccgag ctatccattt aaatccgaat tc 102 



<210> 2 
<211> 1785 
<212> DNA 

<213> Artificial Seguence 

< 2 2 0 > 

<223> synthetic DNA 

<400> 2 

atgtctcaac catcttatgg tccattgttc gaagctttgg ctcattacaa tgataaattg 60 
ttggctatgg ctaaagctca aaccgaaaga actgctcaag ccttgttgca aactaacttg 120 
gatgatttgg gtcaagtttt ggaacaaggt tctcaacaac catggcaatt gattcaagct 180 
caaatgaatt ggtggcaaga tcaattaaaa ttgatgcaac acactttgtt aaaatctgct 240 
ggtcaaccat ctgaaccagt tattactcca gaaagatctg atagaagatt taaagctgaa 300 
gcttggtctg aacaaccaat ttatgattac ttaaaacaat cctatttgtt aactgctaga 360 
catttgttgg cttctgttga tgctttggaa ggtgtcccac aaaaatctag agaaagattg 420 



auttcttta ctagacaata cgtctccgct atggctccat ctaatttctt uctactaac 480 

ccagaattU taaaattgac tttggaatcc gatggtcaaa atttggttag aggtttggct 540 

ttattggctg aagatttgga aagatctgct gatcaattaa acattagatt gactgatgaa 600 

tccgcttttg aattaggtag agatttggct ttgactccag gtagagttgt tcaaagaact 660 

gaattatatg aattaattca atactctcca actactgaaa ccgttggtaa aaccccagtt 720 

ttgatcgttc caccattcat taataaatat tacattatgg atatgagacc acaaaactcc 780 

ttggtcgctt ggttggtcgc tcaaggtcaa accgttttca tgatttcctg gagaaaccca 840 

ggtgttgctc aagctcaaat tgatttagat gattatgttg ttgatggtgt cattgctgct 900 

ttggatggtg ttgaagccgc tactggtgaa agagaagttc acggtattgg ttactgtatt 960 

ggtggtaccg ctttgtcttt agctatgggt tggttggccg ccagaagaca aaaacaaaga 1020 

gttagaactg ctactttgtt tactactttg ttggatttct cccaaccagg tgaattgggt 1080 

atttttattc atgaaccaat tatcgccgcc ttagaagccc aaaatgaagc taaaggtatt 1140 

atggatggta gacaattggc cgtctccttc tctttgttga gagaaaactc tttatattgg 1200 

aattactata ttgattctta cttaaaaggt caatctccag ttgcttttga tttgttgcac 1260 

tggaactctg attctactaa tgttgccggt aaaactcata actctttgtt gagaagatta 1320 

tatttggaaa atcaattggt taaaggtgaa ttaaaaatta gaaacactag aattgattta 1380 

ggtaaagtta aaactccagt tttgttggtt tctgccgttg atgatcacat tgctttatgg 1440 

caaggtacct ggcaaggtat gaaattgttc ggtggtgaac aaagattttt attggccgaa 1500 

tccggtcata ttgctggtat tattaatcca ccagctgcta acaaatacgg tttctggcac 1560 

aatggtgctg aagctgaatc tccagaatct tggttggctg gtgccaccca tcaaggtggt 1620 

tcctggtggc cagaaatgat gggttttatt caaaacagag atgaaggttc tgaaccagtc 1680 

ccagccagag tcccagaaga aggtttggct ccagctccag gtcactatgt caaagttaga 1740 



ttaaacccag ttttcgcttg tccaaccgaa gaagatgctg cttaa 
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<210> 3 
<211> 741 



<212> DNA 

<213> Artificial Seauence 
< 2 2 0 > 

<223> synthetic DNA 
<400> 3 

atuctcaaa gaattgccta cgttactggt ggtatgggtg gtattggtac tgctatttgt 60 

caaagattgg ctaaagatgg ttttagagtt gttgctggtt gtggtccaaa ctctccaaga 120 

agagaaaaat ggttggaaca acaaaaagct ttgggtttcg attttattgc ttctgaaggt 180 

aatgttgctg attgggattc tactaaaact gctttcgata aagtcaaatc cgaagtcggt 240 

gaagttgatg ttttgattaa caatgctggt attactagag atgttgtttt tagaaaaatg 300 

actagagctg attgggatgc cgttattgat actaacttga cttctttgtt caatgtcact 360 

aaacaagtta ttgatggtat ggctgataga ggttggggta gaattgtcaa catttcttct 420 

gttaatggtc aaaaaggtca atttggtcaa actaactatt ccactgctaa agctggtttg 480 

catggtttca ctatggcttt ggcccaagaa gttgccacta aaggtgttac tgtcaatacc 540 

gtctctccag gttacattgc tactgatatg gtcaaagcca ttagacaaga tgttttagat 600 

aaaattgtcg ccaccattcc agtcaaaaga ttgggtttgc cagaagaaat tgcttctatt 660 

tgtgcttggt tgtcttctga agaatccggt ttttctactg gtgctgattt ctctttaaac 720 

ggtggtttgcacatgggttaa Ml 
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DNA 






<2 13> 


Artificial Seq 


u e n c e 




< 2 2 0 > 








< 2 2 3 > 


synthetic DNA 






< 4 0 0 > 
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a au 1 1 


gcat gcctgcaggt 


cgaaattcga gctcggtacc cggggatcct ctagagtcca 


60 


t g t g c t 


tttt tttttgtttt 


caatttgaaa gtttttttat ttccgcaata caaaattatt 


120 



ttttatccgc tcatgtgctt ttttttttgt tttcaatttg aaagtttttt tatttccgca 180 
atacaaaatt attttttatc cgctgaccca gatcctctag agtccatgtg cttttttttt 240 
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1 1 g a a a g 1 1 1 
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c t c t ag ag t c 
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t c c g c t 


1 1 c c 


g 1 1 c c 1 1 1 c t 


t c 1 1 g t g a t a 


a c c c t g 


a a t a 


attttttttt 


t a a g t c c 1 1 g 


g t a a a a 


1 1 1 1 


t g 1 1 a 1 1 1 a t 


c a 1 1 1 1 a a c t 
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c ag tgg acg t 


t c a a a c c a c a 
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30 
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DNA 






<213> 


Artificial Segu 


ence 


< 2 2 0 > 
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primer 
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a c g t c c a c t g 


a t g c a c a g a g 
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<21 1> 


35 






<212> 


DNA 






<213> 


Artificial Se au 


ence 



< 2 2 0 > 



< 2 2 0 > primer 



<400> 7 

aattgcatgc cagtactttt ttgtgtaaca ttcac 35 

<210> 8 

<211> 30 

<212> DNA 

<213> Artificial Sequence 

< 2 2 0 > 

< 2 2 3 > primer 

<400> 8 

aattgtcgac atgaaaagtc gtcgattatg 30 



<210> 9 

<211> 30 

<212> DNA 

<213> Artificial Sequence 

< 2 2 0 > 

< 2 2 3 > primer 

<400> 9 

aattgctagc caaggggttt gttgatgttg 30 

<210> 10 

<211> 38 

<212> DNA 

<213> Artificial Sequence 

< 2 2 0 > 

< 2 2 3 > primer 
<400> 10 

ttaattaatt taaataattt cgaagattac gatgaagt 38 



<210> 11 

<211> 34 

<212> DNA 

<213> Artificial Sequence 

< 2 2 0 > 

< 2 2 3 > primer 



<400> 11 

aattgtcgac taacagtatg atttttttcc ctct 34 



<210> 12 

<211> 34 

<212> DNA 

<213> Artificial Sequence 

< 2 2 0 > 

< 2 2 3 > primer 
<400> 12 

aattctcgag aacaaaccaa atgatcttgt cgtg 34 



<210> 13 

<211> 34 

<212> DNA 

<213> Artificial Sequence 

< 2 2 0 > 

< 2 2 3 > primer 

<400> 13 

aattctcgag taacagtatg atttttttcc ctct 34 



<210> 14 

<211> 31 

<212> DNA 

<213> Artificial Sequence 

< 2 2 0 > 

< 2 2 3 > primer 

<400> 14 

aattgctagc aattggcaag aaatcaaacc a 31 



<210> 15 

<211> 31 

<212> DNA 

<213> Artificial Sequence 

< 2 2 0 > 

< 2 2 3 > primer 



<400> 15 

aattgcatgc ggtccacact aagaaatgtt t 31 



<210> 16 

<211> 30 

<212> DNA 

<213> Artificial Sequence 

<22fl> 

< 2 2 3 > primer 

<400> 16 

aattgtcgac agcttaatgt ttggatcaga 30 

<210> 17 

<211> 31 

<212> DNA 

<213> Artificial Seguence 

< 2 2 0 > 

< 2 2 3 > primer 



<210> IS 

<211> 35 

<212> DNA 

<213> Artificial Seauence 

< 2 2 0 > 

< 2 2 3 > primer 
<400> 18 

ttaattaatt taaatcaaat tgttgacctt tgttc 35 



<210> H 

<211> 24 

<212> DNA 

<213> Artificial Seauence 

< 2 2 0 > 

< 2 2 3 > primer 



< 4 0 0 > 
a a 1 1 g c 



17 
t ag c 



agatttaggg gttctgaatt g 



< 4 0 0 > 
a t g g t a 



1 9 

t c c a c c a a a a c a t a c a c c 



24 



<210> 20 

<211> 24 

<212> DNA 

<213> Artificial Sequence 

< 2 2 0 > 

< 2 2 3 > primer 
<400> 20 

aatttcgaagattacgatgaagtt 24 



<210> 21 

<211> 24 

<212> DNA 

<213> Artilicial Seauence 

< 2 2 0 > 

< 2 2 3 > primer 



<210> 22 

<211> 24 

<212> DNA 

<213> Artificial Sequence 

< 2 2 0 > 

< 2 2 3 > primer 
<400> 22 

a a c a a a c c a a a t g a t c 1 1 g t c g t g 2 4 

<210> 23 

<211> 38 

<212> DNA 

<213> Artificial Sequence 

< 2 2 0 > 

< 2 2 3 > primer 



< 4 0 0 > 
t a a c a g 



21 
t a t g 



a 1 1 1 1 1 1 1 c c c t c t 



24 



< 4 0 0 > 
a a 1 1 g t 



23 

cgac aattcattat tacagagtaa gatttggt 



<210> 

<21 1> 



24 
23 



<212> DNA 

<213> Artificial Sequence 

< 2 2 0 > 

< 2 2 3 > primer 
<400> 24 

ttctgtgctgttggtgatttcat 23 



<210> 25 
<211> 83 
<212> DNA 

<213> Artificial Sequence 
< 2 2 0 > 

<223> synthetic DNA 
<400> 25 

gtccttggtt tcttttttta gaaaaaaagg tgaatcagta aaatttttgt tatttatcat 60 
tttaactcacatatgaagatatc 83 



<210> 26 
<211> H 
<212> DNA 

<213> Artificial Sequence 

< 2 2 0 > 

< 2 2 3 > primer 
<400> 26 

acacatatgt ctcaaccatc ttatggtcca ttgttcgaag ctttggctca ttacaatgat 60 
aaaltgttgg ctatggctaa agctcaaacc gaaagaact 99 



<210> 


21 


<21 1> 


45 


<212> 


DNA 


<213> 


Artificial 


< 2 2 0 > 




< 2 2 3 > 


primer 



<400> 21 

atggtactgc agttacaatt tagaagcagc atcttcttcg gttgg 



<210> 28 

<211> 31 

<212> DNA 

<213> Artificial Sequence 

< 2 2 0 > 

< 2 2 3 > primer 
<400> 28 

ccggaattca tatgactcaa agaattgcct a 31 

<210> 29 

<211> 39 

<212> DNA 

<213> Artilicial Seauence 

< 2 2 0 > 

< 2 2 3 > primer 



<210> 30 

<211> 22 

<212> DNA 

<213> Artificial Sequence 

< 2 2 0 > 

< 2 2 3 > primer 
<400> 30 

a c t a a c 1 1 g g a t g a 1 1 1 g g g t c 2 2 

<210> 31 

<211> 22 

<212> DNA 

<213> Artificial Sequence 

< 2 2 0 > 

< 2 2 3 > primer 



< 4 0 0 > 
c t g c a g 



29 
1 1 a c 



aatttagaac ccatgtgcaa accaccgtt 



< 4 0 0 > 
c t a a 1 1 



31 

t c 1 1 g g c t a c t a a c c c 



22 



<210> 

<21 1> 



32 
22 



<212> DNA 

<213> Artificial Sequence 

< 2 2 0 > 

< 2 2 3 > primer 
<400> 32 

agttttgatcgttccaccattc 22 

<210> 33 

<211> 20 

<212> DNA 

<213> Artificial Sequence 

< 2 2 0 > 

< 2 2 3 > primer 



<210> 34 

<211> 22 

<212> DNA 

<213> Artificial Sequence 

< 2 2 0 > 

< 2 2 3 > primer 

<400> 34 

gttggtttctgccgttgatgat 22 



<210> 35 

<211> 31 

<212> DNA 

<213> Artificial Sequence 

< 2 2 0 > 

< 2 2 3 > primer 



< 4 0 0 > 
c a t g a a 



c c a a 



0 0 



1 1 a t c g c c g c 



20 



< 4 0 0 > 
a a 1 1 g t 



35 

cgac ggtccacact aagaaatgtt t 



31 



<210> 
<2 1 1> 
<212> 
<213> 



36 
30 
DNA 

Artificial Sequence 



< 2 2 0 > 

< 2 2 3 > primer 

<400> 36 

aattctcgag caaattgttg acctttgttc 30 
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